The current World Health Organization classification divides endometrial sarcomas into low-grade endometrial stromal sarcoma and undifferentiated endometrial sarcoma. Recent studies suggest undifferentiated endometrial sarcoma is a heterogeneous group and a subgroup with uniform nuclei is more akin to lowgrade endometrial stromal sarcoma in terms of morphologic, immunohistochemical and genetic features. We classified endometrial sarcomas treated at our institution from 1998 to 2011 into low-grade endometrial stromal sarcoma and undifferentiated endometrial sarcoma, the latter being further categorized into a group with either uniform or pleomorphic nuclei. Morphological features, immunoprofile and fluorescence in situ hybridization rearrangements of JAZF1 and PHF1 genes were correlated with tumor category and outcome. A total of 40 cases were evaluated comprising 23 low-grade endometrial stromal sarcomas, 10 undifferentiated endometrial sarcomas with nuclear uniformity and 7 undifferentiated endometrial sarcomas with nuclear pleomorphism. Low-grade endometrial stromal sarcomas were more often estrogen and progesterone receptor positive (83%) compared with undifferentiated endometrial sarcoma with nuclear uniformity (10%) or with nuclear pleomorphism (0%) (Po0.001). Positivity for p53 was restricted to undifferentiated endometrial sarcomas with more frequent expression in the group with nuclear pleomorphism (57%) than with nuclear uniformity (10%) (P ¼ 0.06). Ki-67 proliferation index in 410% of tumor cells more frequent in undifferentiated endometrial sarcoma than low-grade endometrial stromal sarcoma (P ¼ o0.001). JAZF1 rearrangement was detected in 32% of low-grade endometrial stromal sarcomas and in none of the undifferentiated sarcomas. Rearrangement of PHF1 was found in two patients, one with JAZF1 À PHF1 fusion. There were no significant differences in clinical behavior between undifferentiated endometrial sarcoma with nuclear uniformity versus nuclear pleomorphism. In conclusion, we found undifferentiated endometrial sarcoma subtypes and low-grade endometrial stromal sarcoma have distinct immunohistochemical and cytogentic profiles. Our data do not show any difference in clinical behavior between subgroups in undifferentiated sarcomas. Modern Pathology (2013) 26, 95-105;
The current World Health Organization classification divides endometrial sarcomas into low-grade endometrial stromal sarcoma and undifferentiated endometrial sarcoma. Recent studies suggest undifferentiated endometrial sarcoma is a heterogeneous group and a subgroup with uniform nuclei is more akin to lowgrade endometrial stromal sarcoma in terms of morphologic, immunohistochemical and genetic features. We classified endometrial sarcomas treated at our institution from 1998 to 2011 into low-grade endometrial stromal sarcoma and undifferentiated endometrial sarcoma, the latter being further categorized into a group with either uniform or pleomorphic nuclei. Morphological features, immunoprofile and fluorescence in situ hybridization rearrangements of JAZF1 and PHF1 genes were correlated with tumor category and outcome. A total of 40 cases were evaluated comprising 23 low-grade endometrial stromal sarcomas, 10 undifferentiated endometrial sarcomas with nuclear uniformity and 7 undifferentiated endometrial sarcomas with nuclear pleomorphism. Low-grade endometrial stromal sarcomas were more often estrogen and progesterone receptor positive (83%) compared with undifferentiated endometrial sarcoma with nuclear uniformity (10%) or with nuclear pleomorphism (0%) (Po0.001). Positivity for p53 was restricted to undifferentiated endometrial sarcomas with more frequent expression in the group with nuclear pleomorphism (57%) than with nuclear uniformity (10%) (P ¼ 0.06). Ki-67 proliferation index in 410% of tumor cells more frequent in undifferentiated endometrial sarcoma than low-grade endometrial stromal sarcoma (P ¼ o0.001). JAZF1 rearrangement was detected in 32% of low-grade endometrial stromal sarcomas and in none of the undifferentiated sarcomas. Rearrangement of PHF1 was found in two patients, one with JAZF1 À PHF1 fusion. There were no significant differences in clinical behavior between undifferentiated endometrial sarcoma with nuclear uniformity versus nuclear pleomorphism. In conclusion, we found undifferentiated endometrial sarcoma subtypes and low-grade endometrial stromal sarcoma have distinct immunohistochemical and cytogentic profiles. Our data do not show any difference in clinical behavior between subgroups in undifferentiated sarcomas. Keywords: endometrial sarcoma; immunohistochemistry; JAZF1; undifferentiated sarcoma Endometrial sarcomas are uncommon tumors of the uterus accounting for o10% of uterine mesenchymal neoplasms. 1 Classification of these tumors has been a matter of challenge and controversy. They were traditionally divided into low-and high-grade based on mitotic count. Later it was proposed that as the high-grade tumors do not show specific differentiation or histological resemblance to endometrial stromal cells, they should be designated as undifferentiated endometrial or uterine sarcoma. 2 While the current World Health Organization (WHO) classification divides these tumors into low-grade endometrial stromal sarcomas and undifferentiated endometrial sarcoma, 2 three-tier and four-tier classifications have been previously used and newer concepts may alter the classification schema. Low-grade endometrial stromal sarcoma is defined by its resemblance to proliferative phase endometrial stroma. The distinct morphological features include uniform cells, prominent whorling of tumor cells around spiral-like arterioles and a tongue-like pattern of myometrial and/or lymphovascular invasion. 1, 3 Occasionally, these tumors may show unusual variations including epithelial sex cord-like patterns, presence of endometrioid glands, smooth muscle metaplasia, fibro-myxoid change or adipose and skeletal muscle differentiation. [4] [5] [6] [7] Low-grade endometrial stromal sarcoma is also characterized by chromosomal translocations in a subset of cases, most commonly t(7;17)(p15;q21) involving zincfinger genes, JAZF1 and SUZ1. [8] [9] [10] [11] [12] [13] [14] The WHO identifies undifferentiated endometrial sarcoma as displaying marked cellular atypia and lacking morphologic evidence of an endometrial stromal phenotype. Older grading systems, however, allowed for a category of endometrial sarcomas with greater atypia than low-grade endometrial stromal sarcoma, whereas retaining some resemblance to endometrial stroma. Such tumors were labeled as 'high-grade endometrial stromal sarcoma' by the Armed Forces Institute of Pathology 1 or endometrial stromal sarcoma with grades 2-3 atypia (out of a three-point scale for nuclear atypia) by the largest histopathological analysis of endometrial sarcomas. 15 Both grading systems used a three-tier system, distinguishing a higher grade endometrial stromal sarcoma from a truly undifferentiated sarcoma of the uterus. Recently, Kurihara et al 16 also explored the heterogeneity of non-low-grade endometrial stromal sarcoma by dividing them into 'undifferentiated endometrial sarcoma with nuclear uniformity' and 'undifferentiated endometrial sarcoma with nuclear pleomorphism'. They compared these two groups and interestingly their data suggested that undifferentiated endometrial sarcoma with nuclear uniformity shares some genetic and immunohistochemical characteristics with low-grade endometrial stromal sarcoma, whereas undifferentiated endometrial sarcoma with nuclear pleomorphism was distinctly different. Specifically, undifferentiated endometrial sarcoma with nuclear uniformity and low-grade endometrial stromal sarcoma showed increased estrogen receptor (ER) and progesterone receptor (PR) expression, JAZF1 À SUZ1 rearrangement and absence of p53 mutation. In terms of biologic behavior, all lowgrade endometrial stromal sarcomas showed a better overall survival compared with undifferentiated endometrial sarcoma with nuclear uniformity and undifferentiated endometrial sarcoma with nuclear pleomorphism both of which showed poor outcome.
Our objective was to study the clinical behavior, immunohistochemical profile and JAZF1 À PHF1 rearrangement status of low-grade and non-lowgrade endometrial stromal sarcoma. We also subdivided non-low-grade sarcomas into those with nuclear uniformity and nuclear pleomorphism as defined by Kurihara et al 16 in order to further characterize the immunohistochemical and cytogenetic features of these two groups.
Materials and methods

Clinicopathologic Data
After obtaining approval by the research ethics board, the pathology database of University Health Network and cancer registry at Princess Margaret Hospital were searched for all cases of uterine sarcoma diagnosed as low-grade endometrial stromal sarcoma, high-grade endometrial stromal sarcoma and undifferentiated endometrial sarcoma between 1990 and 2011. Forty cases with tissue available for study were retrieved. Hematoxylin and eosin-stained slides were concurrently reviewed by two gynecologic pathologists. Morphological parameters were documented including: nuclear atypia (grades 1, 2 or 3), necrosis, mitotic index, atypical mitosis, pattern of myometrial invasion (infiltrating versus tongue-like invasion), similarity to proliferative phase endometrial stroma and arteriole-like vascular proliferation ( Figure 1a) . Differential diagnoses such as cellular leiomyoma, leiomyosarcoma, carcinosarcoma, adenosarcoma with stromal overgrowth and undifferentiated carcinoma were carefully excluded by morphological review and immunohistochemical staining with: cytokeratins (AE1/AE3, CK18 and CAM5.2), myogenic markers (a-smooth muscle actin, h-caldesmon and desmin) and epithelial membrane antigen. The cases were classified as low-grade endometrial stromal sarcoma and undifferentiated endometrial sarcoma based on WHO classification. Undifferentiated endometrial sarcoma cases were further divided into two categories based on a paper by Kurihara et al 16 : undifferentiated endometrial sarcoma with nuclear uniformity and undifferentiated endometrial sarcoma with nuclear pleomorphism. Undifferentiated endometrial sarcoma with nuclear uniformity featured a proliferation of uniform tumor cells with minimal nuclear pleomorphism, however, cytological atypia was too great for categorization as low-grade endometrial stromal sarcoma (Figure 1b) . Cases designated as undifferentiated endometrial sarcoma with nuclear pleomorphism showed marked variation in nuclear size and shape, tumor giant cells, bizarre nuclei and prominent nucleoli (Figure 1c) .
Clinical data were collected from electronic patients records, including: pathologic stage, surgical treatment, adjuvant therapies, disease recurrence and survival outcome. Stage at disease presentation was determined according to the AJCC 7th edition 17 and by reviewing pathology reports of the primary Endometrial sarcomas: low grade and undifferentiated tumor. The pathological stage was reported in all cases except for patients who received neoadjuvant therapy. In this setting, the clinical stage at presentation was used to infer the pre-neoadjuvant extent of disease.
Immunohistochemistry
A tissue microarray was made of 36 cases. Representative areas of tumor on the hematoxylin and eosin-stained slides were marked for incorporation into the microarray. The selected area was mapped and marked on the corresponding paraffin block. Two 0.6 mm cores of tissue from each case were drilled and embedded in the tissue microarray paraffin block. Five cases that were not incorporated into the tissue microarray were evaluated with the identical antibodies on a representative tumor block.
Immuonhistochemical staining for CD10 (Novocastra, clone: 56C6, dilution: 1/500), p53 (Leica, clone: D07, dilution: 1/1000), Ki-67 (Novus Biologicals, Endometrial sarcomas: low grade and undifferentiated K Jakate et al clone: Mib-1, dilution: 1/1000), ER (Neomarkers, clone: SP1, dilution: 1/400) and PR (Dako, clone: PgR636, dilution: 1/80) was performed. Immunohistochemical analysis was carried out using the standard streptavidin-biotin complex technique, after microwave antigen retrieval on 4-mm sections of formalin-fixed, paraffin wax-embedded tissue. Appropriate positive and negative controls were run in parallel. The immunostained slides were reviewed and scored by two gynecological pathologists. The intensity of staining and proportion of tumor cells positive at the highest intensity of staining were recorded. The proportion of cells staining was scored from 0 to 4 (0: none, 1: o10%, 2: 10-33%, 3: 34-66%, 4: 466%) and the intensity of staining from 0 to 3 (0: none, 1: weak, 2: intermediate, 3: strong). Proportion and intensity scores were added to obtain a combined score ranging from 0 to 7.
ER and PR were categorized as positive with a combined score of 43. As a result of the known focal staining of CD10 in endometrial sarcomas, a score of 42 was considered positive. Relatively diffuse and/or strong staining was required to determine p53 expression thus positivity corresponded to a score of Z5. For Ki67 tumors demonstrating Ki67 expression in 410% of the tumor cells were compared with tumors showing less expression.
JAZF1 and PHF1 Analysis
Fluorescence in situ hybridization (FISH) was employed to examine for rearrangement involving JAZF1 and/or PHF1, using flanking probe sets extracted from bacterial artificial chromosomes. RP11-597H8 and RP11-78F4 were used to generate the probes telomeric to JAZF1 and RP11-466B23 and RP11-945M23 for probes centromeric to JAZF1. RP11-242N19 and RP11-908F2 were used to generate the probes telomeric to PHF1 and RP11-94D23 for probe centromeric to PHF1. DNA extracted from bacterial artificial chromosome clones was directly labeled with Spectrum Green (RP11-597H8, RP11-78F4 and RP11-94D23) or Spectrum Orange (RP11-466B23, RP11-945M23, RP11-242N19 and RP11-908F2) by nick translation method (Vysis, Downer's Grove, IL, USA) with the labeled probes subsequently purified to remove excess label using Centri-Sep purification columns (Princeton Separations, Adelphia, NJ, USA) according to the manufacturer's protocols. The DNA was then precipitated, centrifuged and dried according to standard protocols. Each purified probe was resuspended in LSI Hybridization buffer (Vysis) to give 10 ng probe/ml with a 10-fold excess of Cot-1 DNA and 20-fold excess of human placental DNA. After confirming correct localization of the probe signals on metaphase preparation of normal human lymphocytes, probes were hybridized on the microarray slides using a protocol optimized for formalin-fixed paraffin-embedded tissue microarray section. 18, 19 The hybridized tissue microarray slides were examined using a conventional fluorescence microscope. A total of 100 nuclei per core were evaluated. Normal paired signals are defined as an orange and green signal o3 signal diameters apart or a single yellow (overlapping) signal, whereas unpaired signals are those separated by Z3 signal diameters from an oppositely colored signal. Only cases with clearly visible probe signals in at least 100 nuclei are considered interpretable and cases with weak signals were considered as non-interpretable. The following cutoff points were used: cases with abnormal signals detected in Z30% of the tumor nuclei were considered as positive for rearrangement; cases with abnormal signals in o10% of nuclei were considered as negative. Cases with abnormal signals in 10-30% of the nuclei were considered as equivocal; there were no equivocal cases encountered in the current series.
Statistical Analysis
Comparisons of categorical variables were done using the Fisher's exact test.
Results
Clinicopathologic Features
Clinicopathologic findings of all cases are summarized in Table 1 . The study cohort comprised 40 cases including 23 low-grade endometrial stromal sarcomas and 17 undifferentiated endometrial sarcomas. Low-grade endometrial stromal sarcomas consisted of 17 primary tumors (15 uterine and 2 ovarian primaries) and 6 recurrent tumors. Mean age of patients with low-grade endometrial stromal sarcoma was 50 years (range, 27-84). Undifferentiated endometrial sarcoma cases consisted of 10 with nuclear uniformity and 7 with nuclear pleomorphism. Most undifferentiated endometrial sarcomas were primary uterine tumors except for one pelvic mass and one lung metastases (cases 24 and 26). Mean age of patients was 61 years in the nuclear uniformity group and 60 years in the nuclear pleomorphism group (range, 47-75). Undifferentiated endometrial sarcoma patients were significantly older than those with low-grade endometrial stromal sarcomas (Po0.01).
Stage at presentation of disease for uterine lowgrade endometrial stromal sarcoma was as follows: 14 at stage I, 3 at stage II, 2 at stage III and 1 at stage IV. In one case, the stage was unknown. Of cases presenting as stage I (confined to the uterus), six had cervical involvement. Cases 12 and 19 were both ovarian primaries and therefore not assigned a stage. The specimen analyzed in case 19 was a recurrent peritoneal low-grade endometrial stromal
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Endometrial sarcomas: low grade and undifferentiated sarcoma, whereas case 12 was a primary ovarian low-grade endometrial stromal sarcoma. Both these cases were thought to arise from ovarian endometriotic foci although histopathological evidence of endometriosis was found in case 12 only. Among undifferentiated endometrial sarcomas with nuclear uniformity, five cases presented at stage I, one at stage II, three at stage III and one of unknown stage. Five undifferentiated endometrial sarcoma with nuclear pleomorphism presented at stage I and two at stage II. There was no difference in stage at presentation between low-grade endometrial stromal sarcomas and the undifferentiated subtypes. Distant or local recurrence occurred after an average of 16.7 months in patients with undifferentiated endometrial sarcoma with nuclear uniformity and 6.2 months in those with nuclear pleomorphism. In all, 12 patients with undifferentiated endometrial sarcoma had adjuvant radiotherapy (8 with nuclear uniformity and 4 with nuclear pleomorphism) and 11 had adjuvant chemotherapy (5 with nuclear uniformity and 6 with nuclear pleomorphism). Three patients with undifferentiated endometrial sarcoma died of their disease (two with nuclear uniformity and one with nuclear pleomorphism). One patient with undifferentiated endometrial sarcoma with nuclear pleomorphism (case 39) was not fit for surgery and died shortly after transfer to palliative unit. Another patient with undifferentiated endometrial sarcoma with nuclear uniformity as well as a history of colon cancer and lymphoma died 16 months after her sarcoma diagnosis, however, there was no evidence of progression of her uterine sarcoma at the time of her death (case 31).
In an analysis of clinical data, the presence of distant metastases and patients living with disease were more common in the undifferentiated endometrial sarcoma groups (Table 2) .
Histopathologic Findings
In all, 22 of 23 low-grade endometrial stromal sarcomas demonstrated the classic appearance of uniform tumor cells with oval to spindle nuclei and whorling around small arteriole-like vessels. The one case lacking this appearance had prominent smooth muscle differentiation (case 8) with CD10 positivity in the majority of cells. Of the 17 cases of primary low-grade endometrial stromal sarcoma, 12 showed permeative 'tongue-like' myometrial infiltration, 11 had lymphovascular space invasion and 4 cases contained necrotic foci. Mitotic figures were variable with average 5.8 per 10 high-power fields (range, 0-20). Abnormal mitotic figures were not identified. We identified one case with fibromyxoid features (case 10), four with focal smooth muscle differentiation (cases 3, 8, 17 and 19) and three with focal sex cord-like differentiation (cases 2, 6 and 18). In cases with smooth muscle differentiation, diffuse staining with smooth muscle markers were not present.
All cases of undifferentiated endometrial sarcoma appeared as sheets of neoplastic cells with significant nuclear atypia without any specific differentiation. Bone-forming, heterologous elements were present in case 28. Whorling of tumor cells around arteriole-like vessels was not seen in any cases of undifferentiated endometrial sarcoma. Lymphovascular permeation was observed in 4 of 9 cases of primary undifferentiated endometrial sarcoma with nuclear uniformity and 4 of 7 cases with nuclear pleomorphism. Necrosis was identified in 8 of 9 cases with nuclear uniformity and 6 of 7 cases with nuclear pleomorphism. The average mitotic count was 38.3 per 10 high-power fields (range, 18-80) in undifferentiated endometrial sarcoma with nuclear uniformity and 57.8 per 10 high-power fields (range, 40-100) with nuclear pleomorphism. The frequency of necrosis and mitotic rates were both significantly higher in undifferentiated endometrial sarcomas compared with low-grade endometrial stroma sarcomas (Po0.001). Abnormal mitotic figures were seen in both types of undifferentiated endometrial sarcomas.
Immunohistochemistry Findings
Immunohistochemical findings are summarized in Table 3 . ER was positive in 83% of low-grade Endometrial sarcomas: low grade and undifferentiated endometrial stromal sarcomas, 10% of undifferentiated endometrial sarcomas with nuclear uniformity and none of undifferentiated endometrial sarcomas with nuclear pleomorphism (Po0.001).
The expression of PR correlated with ER in all cases. Positivity with p53 was restricted to undifferentiated endometrial sarcomas with more frequent expression in cases with nuclear pleomorphism than nuclear uniformity (57% versus 10%, P ¼ 0.06).
Proliferation index with Ki-67 was also higher in undifferentiated endometrial sarcomas than lowgrade endometrial stromal sarcomas (Po0.001). There were no other significant differences in immunohistochemical expression between the undifferentiated endometrial sarcoma subtypes (Figures 2 and 3 ).
Molecular Findings
FISH analysis for JAZF1 rearrangement analysis was interpretable in 35 cases (Table 3 ). The rearrangement was detected in 32% of low-grade endometrial stromal sarcomas and in none of the undifferentiated endometrial sarcomas (P ¼ 0.003). Rearrangement for PHF1 was seen in two low-grade endometrial stromal sarcomas: cases 2 and 15. Case 2 was also positive for JAZF1 rearrangement implying a JAZF1 À PHF1 genetic fusion. In case 18, the primary tumor was unavailable for study. Instead, three separate recurrences from the same patient were analyzed in the tissue microarray block. The patient's first documented recurrence 7 years after initial diagnosis was in the bladder and was negative for JAZF1. A pelvic mass at 8 years was also negative, however, a soft tissue recurrence of her low-grade endometrial stromal sarcoma at 10 years was positive for JAZF1 mutation (this result is not included in Table 3 ). This was the only patient with low-grade endometrial stromal sarcoma to have died of her disease.
Discussion
Despite the variances in grading systems over time, the clinical behavior of low-grade and non-lowgrade endometrial stromal sarcomas are relatively distinct. Low-grade endometrial stroma sarcoma is an indolent tumor prone to local recurrence, which affects up to one-half of patients. 2, 20 Overall survival Table 3 Immunohistochemistry markers and JAZF1 rearrangement in different categories ranges from 65 to 76% at 10 years. 21, 22 In contrast, undifferentiated endometrial sarcoma has an aggressive clinical course with death occurring usually within 3-5 years. 2, 22 Our series was in agreement with these trends. Low-grade endometrial stromal sarcoma patients experienced local or distant recurrence an average of 46 months after the initial diagnosis compared with 16.7 months in undifferentiated endometrial sarcoma with nuclear uniformity and 6.2 months in undifferentiated endometrial sarcoma with nuclear pleomorphism patients. One of 23 low-grade endometrial stromal sarcoma patients with clinical follow-up died of her disease at 11 years compared with 2 of 8 patients with undifferentiated endometrial sarcoma with nuclear uniformity and 1 of 7 patients with nuclear pleomorphism. The undifferentiated endometrial sarcoma patients died between 3 weeks to 27 months after diagnosis. Although only one undifferentiated endometrial sarcoma with nuclear pleomorphism patient was confirmed as deceased, five others had advanced stages of disease and were either lost to follow-up or transferred to outside palliative care centers. Thus, the number of deaths in this group is likely underestimated. In a comprehensive series of uterine sarcomas that included five undifferentiated endometrial sarcomas, three patients with tumors showing nuclear pleomorphism died within 1 year. The other two undifferentiated endometrial sarcomas with nuclear uniformity were alive at 2 and 9 years post surgical treatment. All three cases with pleomorphism presented with stage I disease. 23 In Kurihara's series, 16 although all low-grade endometrial stromal sarcomas with clinical follow-up were alive, 4 of 7 patients with undifferentiated endometrial sarcomas with nuclear uniformity and 3 of 6 with nuclear pleomorphism died of their disease. Notably, all patients who were deceased presented at advanced stage (stage III or IV). It is difficult to compare outcomes in endometrial sarcomas across retrospective studies. First, they are infrequent neoplasms and most studies report small sample sizes. Second, the mode of treatment is variable among patients, especially with respect to adjuvant therapy. Thus, homogenous groups of patients with adequate follow-up are not available for comparison. However, our results were similar to those of Kurihara et al 16 in that there appeared to be no difference in outcomes between undifferentiated endometrial sarcoma with nuclear uniformity and undifferentiated endometrial sarcoma with nuclear pleomorphism.
Several studies have reported older patient age in non-low-grade endometrial stroma sarcoma patients. 1, 12, 16, 22 The age range for presentation of low-grade endometrial stromal sarcomas is 42-58 years. 1 In contrast, mean patient age for non-lowgrade tumors is 55-60 years. 1, 22 Accordingly in this study, mean age of patients was significantly younger in the low-grade endometrial stromal sarcoma group (50 years) than undifferentiated endometrial sarcoma patients (61 years for undifferentiated endometrial sarcoma with nuclear uniformity and 60 years for those with nuclear pleomorphism). The age of our patients with undifferentiated endometrial sarcoma with nuclear uniformity is higher than that reported by Kurihara et al 16 in which mean age was 41.5 years for undifferentiated endometrial sarcoma with nuclear uniformity and 59.5 years for those with nuclear pleomorphism. 16 In terms of prognostic significance, a study of 831 endometrial sarcomas from the Surveillance Epidemiology and End Results database reported worse survival in women over 52 years. 24 By far the most reliable prognostic factor in uterine sarcomas is stage. 15, 20, 22, 24 However, the majority of uterine sarcomas in general present at stage I, 16, 22, [24] [25] [26] therefore predicting behavior in low-stage tumors, particular low-grade endometrial stromal sarcoma, remains a challenge. The proportion of stage I tumors in our series was similarly high, constituting 61% of low-grade endometrial stromal sarcomas, 50% of undifferentiated endometrial sarcomas with nuclear uniformity and 29% of the nuclear pleomorphism group. Of patients who died of their disease all were stage I except for one undifferentiated endometrial sarcoma with nuclear pleomorphism patient presenting at stage II. Although stage did not appear to predict mortality in our series, the length of follow-up for several undifferentiated endometrial sarcoma cases was o1 year. This short follow-up may mitigate the outcome in some undifferentiated endometrial sarcoma cases.
Histological predictors of outcome in endometrial stromal tumors have also been previously sought. Mitotic activity and tumor necrosis have variably been associated with prognosis. In a study of 83 endometrial stromal sarcomas from the Norwegian Cancer Registry, both factors were related to poor outcome in tumors confined to the uterus. 22 However, in the largest histopathologic series of endometrial stromal sarcomas to date, mitotic activity was not related to survival in stage I tumors 15 and this finding has been corroborated by others. 1, 27 Although necrosis and robust mitotic activity are not definitional of undifferentiated endometrial sarcoma, they are more commonly associated with these tumors in comparison with low-grade endometrial stromal sarcomas 1,2,22,27 and our results were no different. We did find that the average mitotic rate was higher in undifferentiated endometrial sarcoma with nuclear pleomorphism than in tumors with nuclear uniformity (58 per 10 high-power fields versus 38 per 10 high-power fields) but the result was not significant and neither type of undifferentiated endometrial sarcoma had o10 mitoses per 10 highpower fields. The frequency of necrosis between undifferentiated endometrial sarcoma with nuclear uniformity and with nuclear pleomorphism also did not differ. Atypical mitoses were seen in 5 of 9 primary undifferentiated endometrial sarcomas with nuclear uniformity and 5 of 7 with nuclear pleomorphism. This is in contrast to Kurihara's series 16 in which atypical mitoses were not seen in undifferentiated endometrial sarcomas with nuclear uniformity, another similarity with low-grade endometrial stromal sarcoma.
Numerous studies have explored the immunohistochemical phenotype of endometrial stromal sarcomas. Immunoreactivity for CD10, ER, PR, desmin, vimentin, smooth muscle actin, muscle-specific actin and beta-catenin have all been described. 5, [28] [29] [30] [31] [32] [33] [34] [35] Of these, CD10 is the most sensitive for endometrial differentiation and rarely endometrial stromal sarcomas are negative for this marker. 7, 23, 30 However, CD10 may be expressed in other uterine mesenchymal tumors such as leiomyosarcoma, cellular leiomyomas, rhabdomyosarcomas and carcinosarcomas 5, 7, 30 as well as extra-uterine tumors like hemangiopericytoma and solitary fibrous tumor. 29 In distinguishing endometrial stromal sarcoma from uterine smooth muscle neoplasms, H-caldesmon has been touted as a more specific marker whereas desmin, smooth muscle actin, muscle-specific actin and calponin have all been variably shown to stain endometrial sarcomas. 7, 10, 30, 31 There are few studies in the literature addressing immunohistochemical findings of undifferentiated endometrial sarcoma in relation to low-grade tumors. Interestingly, our results showed CD10 expression in undifferentiated endometrial sarcoma as well as low-grade endometrial stromal sarcoma. Undifferentiated endometrial sarcoma and lowgrade endometrial stromal sarcomas were better separated by ER, PR, Ki-67 and p53. Low-grade endometrial stromal sarcoma was more often positive for ER and PR, whereas a higher percentage of undifferentiated endometrial sarcoma (both subtypes) expressed proliferation index 410% in comparison with low-grade endometrial stromal sarcoma. p53 expression was restricted to undifferentiated endometrial sarcoma with more frequent expression in the pleomorphic than uniform group (57% versus 10%). Compared with our results, Kurihara et al 16 reported greater ER expression in their undifferentiated endometrial sarcomas with nuclear uniformity group with 4 of 7 (57%) tumors staining. As well, both immunohistochemical expression and mutation analysis of p53 was seen in 3 of 6 cases of the undifferentiated endometrial sarcomas with nuclear pleomorphism group only. The immunohistochemical profile of ER and PR expression and negative p53 was significant in the combined group of low-grade endometrial stromal sarcoma and undifferentiated endometrial sarcoma with nuclear uniformity group compared with undifferentiated endometrial sarcoma with nuclear pleomorphism. Variations in immunohistochemical results between our study and Kurihara et al 16 could be explained by different scoring systems in the evaluation of markers and/or different antibody clones for ER and p53. There is no specific immunohistochemistry marker to differentiate between these categories. The authors believe that the main diagnostic criteria to distinguish low-grade and non-low-grade tumors still remain to be based on histomorphological features defined by WHO: 'undifferentiated endometrial sarcomas display marked cellular atypia and lack morphologic evidence of an endometrial stromal phenotype'. Although we believe that immunohistochemistry staining can assist the pathologist in certain cases, our results do not suggest certain selection criteria for performing immunohistochemistry studies. Nevertheless, the results of such ancillary studies should be interpreted carefully and along with morphological findings.
Currently, the non-low-grade endometrial sarcomas are managed similarly in many cancer centers therefore differentiating undifferentiated endometrial sarcoma with nuclear uniformity from undifferentiated endometrial sarcoma with nuclear pleomorphism does not seem to have clinical implication at the moment, however, this distinction and further molecular characterization might provide guidance toward more specific treatment options including possible targeted therapy in the future.
The fusion of the two zinc-finger genes JAZF1 and SUZ1 at the 7p15 and 17q21 breakpoints, respectively, was described in endometrial stromal tumors by Koontz et al in 2001. 8 The function of this fusion transcript is still unknown. The prevalence of the associated translocation, t(7;17)(p15;q21) in lowgrade endometrial stromal sarcoma by RT-PCR 10, 13, 14, 16 and FISH 11, 12 ranges from 23 to 80%. Our results are within this range with a 32% positivity rate. Although the JAZF1 À SUZ1 rearrangement is the most common translocation in endometrial stromal tumors, more recently, rearrangements with the PHF1 (6p21) zinc-finger gene have been described in 1% of low-grade endometrial stromal sarcomas. 9,12 PHF1 was detected in two of our low-grade endometrial stromal sarcoma patients; one showed JAZF1 À PHF1 fusion.
The number of undifferentiated endometrial sarcomas evaluated for t(7;17)(p15;q21) in the literature is low and so far only 2 of 17 (11.8%) were found to be positive. 8, 12, 13, 16 In our series, we confirm that JAZF1 rearrangement is a rare occurrence in undifferentiated endometrial sarcomas with a total of 13 analyzed cases found to be negative. In Kurihara's series, 16 1 of 3 and 0 of 3 of undifferentiated endometrial sarcomas with nuclear uniformity and nuclear pleomorphism, harbored the JAZF1 À SUZ1 transcript, respectively. They suggested that JAZF1 À SUZ1 rearrangement may be a further commonality shared by undifferentiated endometrial sarcoma with nuclear uniformity and low-grade endometrial stromal sarcoma. Notably, the undifferentiated endometrial sarcoma with nuclear uniformity, which was positive for the rearrangement had focal areas morphologically resembling low-grade endometrial stromal sarcoma.
It has been postulated that the low frequency of the translocation in undifferentiated endometrial sarcoma is evidence that its pathway of tumorigenesis is separate from low-grade endometrial stromal sarcoma. 8, 12, 16 However, there are a few cases in the literature reporting a direct transition from low-grade endometrial stromal sarcoma to a tumor resembling undifferentiated endometrial sarcoma. [36] [37] [38] In two such cases, the recurrences of primary uterine lowgrade endometrial stromal sarcoma demonstrated greater cellular atypia, loss of spiral arterioles and increased mitotic rate. Both patients died of their disease after 8 and 25 years. 36 Cheung et al 37 report the coexistence of a predominantly low-grade endometrial stromal sarcoma with an area of dedifferentiated 'high-grade' sarcoma in the same primary uterine tumor. The dedifferentiated area displayed large, pleomorphic nuclei, lack of staining with ER and PR and greater anueploidy. The patient was well 18 months later.
Conclusion
Undifferentiated endometrial sarcoma and lowgrade endometrial stromal sarcoma have distinct immunohistochemical and cytogentic profiles. We were able to morphologically distinguish a subset of undifferentiated endometrial sarcoma with uniform nuclei, first described by Kurihara et al, 16 from the pleomorphic, subtype. 16 The undifferentiated endometrial sarcomas with nuclear uniformity and nuclear pleomorphism groups showed some differences in immunohistochemical profile. p53 expression is significantly more common in undifferentiated endometrial sarcomas with nuclear pleomorphism compared with those with nuclear uniformity and not found in low-grade endometrial stromal sarcoma. ER and PR expression is uncommon in undifferentiated endometrial sarcomas and when present, is only seen in the subtype with uniform nuclei. Although there appears to be some difference in tumorigenesis with more frequent p53 abnormalities seen in undifferentiated endometrial sarcomas with nuclear pleomorphism compared with undifferentiated endometrial sarcomas with nuclear uniformity, both appear to share a similarly aggressive course. Our data did not show any difference in behavior between the two categories of undifferentiated endometrial sarcoma, however, the morphological features and the immunoprofile suggest that that the non-low-grade tumors are a heterogeneous group of tumors. The authors believe that the older grading systems, which allowed for a category of endometrial sarcomas as high-grade endometrial stromal sarcoma might be still valid and this category might be equal to undifferentiated endometrial sarcoma with nuclear uniformity in our series. Larger studies with longer follow-up periods and further molecular investigations are needed to clarify this concept.
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